Depression has been linked to an increased susceptibility to physical illness. Our objective is to determine if emotional health modifies the effect of air pollution on pulmonary and cardiovascular physiology. This cross-sectional study was based on data collected on 5,604 subjects between 2007 and 2009 during the Canadian Health Measures Survey. Subjects were assigned the air pollution values obtained from the National Air Pollution monitor closest to the subject's home. We tested the associations between air pollution and lung function, heart rate and blood pressure for adults whose ages were greater than 20 when the survey was conducted. Results were stratified by a self-reported happiness scale (HS). Among those who were less happy ('others'), an interquartile increase in fine particulate air pollution was associated with a 2.86% (95%CI 0.41, 5.31) increase in systolic blood pressure, a 1.70% (95% CI 0.07, 3.33) decrease in forced vital capacity (FVC), and a 1.59% (95% CI 0.09, 3.08) decrease in the FEV1/FVC ratio (ratio of percent predicted 1-second forced expiratory volume (FEV1) to FVC). Significant adverse effects were observed for six 'others' air pollution -physiology associations. In 'happy' group, none of the associations were significant. In the Canadian population, the degree of happiness may modify the vulnerability to the adverse health effects of air pollution.
INTRODUCTION
Identifying subgroups of the population exceptionally vulnerable to the effects of air pollution has been a research priority for many years [1] . Evidence has emerged that the socially disadvantaged, very young, very old and those with chronic cardiopulmonary disease may bear a higher proportion of the burden of illness from air pollution than the general population [2] .
Emotional illness may confer an increased vulnerability to physical illness [3] [4] [5] [6] . A review of eleven cohort studies concluded that the presence of depression increased the future relative risk of a myocardial infarction by over 50% [3] . A cohort study of company employees in Japan observed an increased risk of developing diabetes among those with pre-existing depression [4] . A study from China of patients with chronic obstructive lung disease, reported an increased risk of exacerbations among those with evidence of depression [5] .
The primary objective of the present study was to determine if emotional health influences susceptibility to the adverse effects of air pollution. We used data from the Canadian Health Measures Survey (CHMS) to test the associations between air pollution and lung function, and between heart rate and blood pressure. We then determined if the observed effect size was less for those with more favourable indicators of emotional health.
RESEARCH METHODS

Study population
The CHMS collected cross-sectional health data based on questionnaires and physiologic measures on over 5,000 participants between March 2007 and February 2009. The target population was Canadians between the ages of 6 and 79 years old among the approximately 27 million people as identified by the 2001 National census. Stratified sampling was done by the following age groups (6-11, 12-19, 20-39, 40-59 , and 60-79 years). Details of the sampling strategy have been previously described [7] , and will herein be summarised [8] . The country was divided into five regions (British Columbia, the Prairies, Ontario, Quebec, and The Atlantic provinces) and 257 potential sampling sites of at least 1,000 people living within 100 km of each other. Fifteen sites were selected for the study by probability sampling based on population size of the potential sites. Within each site, households were stratified by age group, with at least one subject of the desired age living in the household. Simple random sampling was done to choose approximately 600 dwellings per site for the study [9] . For the purpose of creating a representative population sample, survey weights were assigned after the responding sample was determined to adjust for non-response and non-random sample selection. The bootstrap method was used to estimate standard errors and confidence intervals [10] . In our analysis we only included adults whose ages were greater than 20 when the survey was conducted.
Questionnaire
The questionnaire was administered by a trained interviewer according to a standardized protocol clinic questionnaire [11] . Happiness was indicated by the question: 'Would you describe yourself as being usually: … happy and interested in life … somewhat happy … somewhat unhappy … unhappy with little interest in life … so unhappy that life is not worthwhile?'
Air pollution and weather
Meteorological data were supplied by the National Climate Data and Information Archive [12] . Air pollution data were provided by The Canadian National Air Pollution Surveillance (NAPS) network which has approximately 300 monitoring stations in about 200 communities [13] . For analysis, we used the maximum 8-hr average for O 3 , and the 24-hr means for PM 2.5 , and NO 2, temperature, humidity and barometric pressure measured on the day of the test for each of the 15 study sites.
Physiologic measures
Blood pressure
The measurement techniques were guided by Campbell et al. [14] . After 5 minutes seated in a quiet environment, six measurements were taken, at 1 minute intervals, on the right arm using an automated blood pressure device (BpTRU™ BP-300) with a cuff 40%-50% of the arm circumference. The mean of the last five measures were used for analysis [15] .
Lung function
Trained personnel adhered to the guidelines of the American Thoracic Society/European Respiratory Society Task Force quality criteria report for test performance using a KoKo Spirometer TM (Ferraris CardioRespiratory, Pulmonary Data Services, Inc. Louiseville, CO 80027 USA) [16] . Calibration with a 3 L syringe was done prior to each testing session. Variables used in analysis were the largest 1-second forced expiratory volume (FEV l ) and forced vital capacity (FVC) obtained by a minimum of three and a maximum of eight trials [15] .
3 STATISTICAL ANALYSIS Generalized linear mixed models were used to test the associations between air pollution and health outcomes. The testing site was treated as random effects to control for the influence of site on health outcomes. Lung function was expressed as a percentage of predicted based on age, height, and gender using previously developed prediction equations [17] . To determine if emotional health modifies the effect of air pollution on physiology, we calculated the percentage change in physiologic measure for an interquartile range (IQR) increase in air pollutant by categories of emotional health. Covariates tested for inclusion included age, gender, body mass index, ethnicity (Caucasian versus other), greatest household education, household income, current active smoking (daily, occasionally, not at all), household exposure to passive smoking (daily or almost daily, other), alcohol consumption (none, other), mean daily temperature and relative humidity. The final model included age, gender, greatest household education, household income, active smoking and temperature. Relative humidity and barometric pressure were not significant. Data management and regression modeling were completed in SAS, v9.1 (Cary, NC, USA).
RESULTS
A total of 2,720 participants (78.40%) reported that they were happy (Table 1) .
Those who were happy compared to others, were approximately 2% more likely to be female, 7% most likely to have at least a high school education, and 1.8% less likely to smoke. Heart rate was 1 bpm lower among those who were happy vs. other. Lung function was significantly better for happy group. However, Blood pressure measurements were similar between two groups. Happy group has approximately 20,000 more yearly household income compared to others. There were significant differences between happy and other group, in exposure to measured NO 2 ( Table 2 ). However, there was no evidence that exposure to ambient concentrations of PM 2.5 and ozone was significantly greater among other group.
Effect modification by emotional health was investigated by presenting the association between air pollution and physiologic measures stratified by happy vs. other (Table 3) .
For six physiologic variables, a significant effect of air pollution was observed for less happy subjects (Other) but not for happy subjects. Expressed as a percent change in physiology for an IQR increase in air pollutant, results were as follows: For NO 2 , there was a 0.85% (95% CI 0.02, 1.68) increase in systolic blood pressure. For Ozone, there was a 1.27% (95% CI 0.04, 2.49) increase in diastolic blood pressure, and 2.06% (95% CI 0.28, 3.84) decrease in the FEV1/FVC. For PM2.5, there was a 2.86% (95% CI 0.41, 5.31) increase in systolic blood pressure, a 1.70% (95% CI 0.07, 3.33) decrease in FVC, and a 1.59% (95% CI 0.09, 3.08) decrease in FEV1/FVC.
There was no effect of ozone, NO 2 or PM 2.5 among those who were happy.
DISCUSSION
Summary
Emotional health, indicated by a simple question, appears to be a risk indicator which may indicate an increased susceptibility to the adverse physiologic effects of air pollution. It is important to note that air pollution levels were well within Canadian and American guidelines, suggesting that susceptible subgroups may not be fully protected by current standards.
Importance of determining if mood disorders increases susceptibility to adverse effects of air pollution
The existence of susceptible subgroups should be identified and taken into account when interpreting studies on the population health effects of air pollution. Setting air pollution guidelines based on observed effects in the general population may be insufficient to protect especially vulnerable subgroups. Also the most susceptible may derive the most benefit from reduction in air pollution. Based on modelling, the expected health [19] reported disproportionate mortality reductions among African Americans, those with less than a high-school education, and those with diabetes. The impact of a mood disorder on susceptibility was not addressed.
Identifying the especially vulnerable would be a first step in focusing prevention strategies. For example, the Air Quality Health Index communicates to the public both a summary of the air quality and preventative advice which differs between those with and without an elevated risk due to chronic lung or heart disease and the general population [20] . If a self-reported mood disorder identifies a subgroup at higher risk of adverse health effects from air pollution than the general population, obtaining this simple measure may help explain variability between studies with different proportions of reported emotional disorders. In developed countries, 1% to 6% of emotional illnesses were associated with severe disability. In developing countries disability associated with emotional illness was reported to be greater than for most physical illnesses [21] .
Reasons why mood disorders may increase susceptibility to air pollution
There is evidence that emotional illness may increase vulnerability to physical illness. Possible reasons may include: Unfavourable self-care behaviours (not seeking care, not adhering to treatment, smoking), lack of social and financial support, increased symptom reporting unrelated to presence or severity of physical illness, and a mood-induced proinflammatory state.
The association between depression and illness
Depression has been associated with an increased future risk of morbidity and mortality from medical disorders. A systematic review of 11 cohort studies published between 1966 and 2000 estimated a relative risk of 1.64 (95% CI 1.29, 2.08) for the association between depression and myocardial infarction or cardiac mortality [3] . A recent study suggested an interactive effect of depression and ethnicity on the association between blood pressure and lead. Among those who were depressed, Blacks had a larger increase in blood pressure for a doubling of blood lead than did whites. This differential effect was not seen among those who were not depressed [6] .
Lack of financial and social support
A questionnaire-based survey was carried out in 1,082 people from 35 countries suffering from major depressive disorder [22] . Depression was found to adversely affect employment and social functioning, and a fear of discrimination may impede accessing care. In our study sample, we did not find that household income or educations was significantly lower among those with reported mood disorders, and the effect of air pollution persisted despite adjusting for both income and education. This suggests that lower social status is not the explanation for the observed effect modification.
Non-adherence to treatment
Based on a systematic review of the literature between 1968 and 1998, DiMatteo et al. [23] calculated an odds ratio of 3.03 (95% confidence interval, 1.96−4.89) between depression and treatment noncompliance. Non-adherence to medications for lung disease or blood pressure may be one explanation for why people with depression appear susceptible to illness, and perhaps the effect of air pollution. We did not have compliance measures to test this hypothesis.
Aggravation of systemic inflammation
Exposure to air pollution may cause oxidative stress, the production of reactive oxygen species, and inflammation. This may be one mechanism explaining observed association between air pollution and cardiovascular morbidity. There is also some evidence of an association between depression and pro-inflammatory cytokines although the direction of the relation is uncertain. Kiecolt-Glaser and Glaser [24] present an argument that psychological stress and depression increase IL-6, a marker of inflammation, and decrease cellular and humoral immunity. Among 3,024 subjects between 70 and 79 years of age, those who scored higher on a standardized depression scale also had significantly higher levels of IL-6, TNF, and CRP. Results were adjusted for any of the following covariates significantly different between the two groups at p <0.2: age, sex, BMI, diabetes, heart or lung disease, cigarette and alcohol consumption and medications [25] . Caregivers for family members with dementia are considered to be in a chronically stressful situation. Over a 6-year period, interleukin-6 increased fourfold in this group compared to a control group who were not caregivers [26] . Caregivers also had higher levels of loneliness and stress as measured by standardized questionnaires. Stress-related increases in pro-inflammatory cytokines by emotional distress and by exposure to air pollution may theoretically have an interactive or synergistic effect accounting for our observations.
Strengths and limitations of the study
Using physiologic measures of lung function avoided the possibility of a self-reporting bias whereby, for a given level of physical illness, depression may increase or decrease the likelihood of symptom reporting independent of the severity or the underlying illness. Cross-sectional studies have an inherent weakness in that they take a snapshot in time, in this case the day the subject was studied. A longitudinal study would be required to determine if the observed effects are from relatively acute or chronic exposure to air pollutants. However, on average, subjects with exposures to greater concentrations of air pollution on the day of the study will also be chronically exposed to greater concentrations on a chronic basis than subjects who are less exposed on the day of the study.
CONCLUSION
Self-reported depression appears to influence susceptibility to the adverse physiologic effects of air pollution. We recommend further studies, including longitudinal studies, and testing whether or not mood disorders modify the effect of air pollution on other physical health outcomes.
